(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



III 



(12) 



(43) Date of publication: 

26.05.2004 Bulletin 2004/22 

(21) Application number: 03257326.3 

(22) Dateof filing: 19.11.2003 



( ii) EP 1 422 571 A2 

EUROPEAN PATENT APPLICATION 

(51) Intel 7: G03F 7/20, H02K 41/02 



(84) 


Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 

HU IE IT LI LU MC NL PT RO SE SI SK TR 


(72) 


Inventor: Korenaga, Nobushige 
Shimomaruko, Ohta-ku Tokyo (JP) 




Designated Extension States: 


(74) 


Representative: 




AL LT LV MK 




Beresford, Keith Denis Lewis et al 
BERESFORD & Co. 


(30) 


Priority: 22.11.2002 JP 2002339750 




16 High Holborn 
London WC1V6BX (GB) 


(71) 


Applicant: CANON KABUSHIKI KAISHA 
Tokyo (JP) 







(54) Stage apparatus and method of controlling the same 



(57) A Y slider (302) extending in an X-axis direction 
can move in a Y-axis direction by a Y linear motor. An X 
slider (303) loaded with a fine movement stage can be 
guided by a Y slider to move in an X-axis direction by 
an X linear motor. At least a pair of Y electromagnets 
(101) are provided to the X slider to oppose guide sur- 
faces of the Y slider. A Y attracting plate (1 02) is provid- 



ed to each guide surface of the Y slider. The pair of Y 
electromagnets generate attracting forces in opposite 
directions along the Y-axis direction between the X and 
Y sliders. Thus, the X and Y sliders can be kept in non- 
contact with each other. When the Y slider is to move in 
the Y-axis direction, an appropriate accelerating force 
can be applied to the X slider. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a movable 
stage apparatus and a method of controlling the same. 
For example, the present invention relates to a movable 
stage apparatus suitable for wafer stage or the like in 
an exposure apparatus, and a method of controlling the 
same. 

BACKGROUND OF THE INVENTION 

[0002] As the accuracy of an exposure apparatus in- 
creases, a movable stage apparatus loaded with a 6-ax- 
is fine movement stage as a wafer stage has been em- 
ployed. A stage apparatus of this type is disclosed in, e. 
g., Japanese Patent Laid-Open No. 2000-106344. A 
general stage apparatus will be described below with 
reference to Figs. 15 to 18. 

[0003] Fig. 1 5 is a view schematically showing a gen- 
eral movement stage apparatus. A yaw guide 301 is 
formed on a stage surface plate 300, and a Y slider 302 
guided by the yaw guide 301 and stage surface plate 
300 is formed. Air pads (not shown) are provided be- 
tween the Y slider 302 and stage surface plate 300, and 
between the Y slider 302 and yaw guide 301. Accord- 
ingly, the Y slider 302 can slide in the Y direction. 
[0004] An X slider 303 is formed to surround the Y slid- 
er 302. The X slider 303 is formed of an X upper plate 
303a, X side plates 303b, and an X lower plate 303c, 
and is guided by the side surfaces of the Y slider 302. 
Air pads 380 are provided between the side surfaces of 
the Y slider 302 and the X side plates 303b. Fig. 18 
shows this arrangement. An air pad (not shown) is pro- 
vided also between the X lower plate 303c of the X slider 
303 and the stage surface plate 300. Accordingly, the X 
slider 303 can slide in the X direction with respect to the 
Y slider 302. The Y slider 302 is slidable in the Y direc- 
tion, as described above, and the X slider 303 is slidable 
in the X direction with respect to the Y slider 302. Hence, 
the X slider 303 can slide in the X-Y direction. 
[0005] A fine movement stage 360 constituted by a 
6-axis fine movement linear motor and a fine movement 
top plate 361 is formed on the X upper plate 303a of the 
X slider 303. As shown in Fig. 16, the 6-axis fine move- 
ment linear motor is constituted by two X fine movement 
linear motors 362, two Y fine movement linear motors 
363, and three Z fine movement linear motors 364. Each 
fine movement linear motor is a linear motor which is 
formed of a hollow, elliptic, flat coil, and magnets and 
yokes sandwiching the flat coil from the two sides, and 
which utilizes so-called the Lorentz force. This linear 
motor generates a thrust in a direction perpendicular to 
the straight portion of the elliptic coil within a plane in- 
cluding the flat surface of the flat, elliptic coil. The flat 
surface of the elliptic coil of each X fine movement linear 
motor 362 is parallel to the X-Z plane and its straight 



portion is parallel to the Z axis. The flat surface of the 
elliptic coil (Y coil 363d) of each Y fine movement linear 
motor 363 is parallel to the Y-Z plane and its straight 
portion is parallel to the Z axis. The flat surface of the 

5 elliptic coil (Z coil 364d) of each Z fine movement linear 
motor 364 is parallel to the Y-Z plane and its straight 
portion is parallel to the Y axis. Thus, the elliptic coils of 
the X, Y, and Z fine movement linear motors 362, 363, 
and 364 generate forces in the X, Y, and Z directions, 

10 respectively. Thus, the 6-axis fine movement stage 360 
can drive in six directions, i.e., in the X-, Y-, and Z-axis 
directions and about the X, Y, and Z axes. 
[0006] Arrangements other than that described above 
are also possible. For example, the number of either X 

15 or Y fine linear motors may be one. 

[0007] In each fine movement linear motor, the coil 
(363d, 364d) is fixed to the X-slider X upper plate 303a 
through a coil frame (363e, 364e), and a magnet (363c, 
364c) and a yoke (363b, 364b) are fixed to the fine 

20 movement top plate 361 through a yoke fixing member 
(363a, 364a). 

[0008] Linear motors (an X linear motor 320 and Y lin- 
ear motors 340) are also used to drive the X slider 303 
and Y slider 302, respectively. The Y linear motors 340 
25 are connected to the Y slider 302 through wing plates 
304. Each linear motor 340 for driving the Y slider 302 
is of a stationary-coil, moving-magnet type, as shown in 
Fig. 17, which is a two-phase sine wave drive type linear 
motor which realizes long-stroke driving by selecting 
30 two coils in accordance with the magnet positions and 
appropriately controlling the magnitudes and directions 
of currents. The stationary coil is formed of a coil frame 
342 fixed to the stage surface plate 300 through legs 
341 , and coils 343 fixed to the coil frame 342. The mov- 
35 ing magnet is formed of a pair of 4-pole magnets 344 
sandwiching the coils 343 from two sides, yokes 346 
formed on the rear surfaces of the 4-pole magnets 344, 
and movable element side plates 345 which connect the 
yokes 346. Each X linear motor has a similar arrange- 
40 ment to this. 

[0009] The positions of the Y slider, X slider, and fine 
movement top plate are measured by sensors (not 
shown). Desirably, the Y slider 302 and X slider 303 are 
measured by laser interferometers each having at least 
45 one axis, and the fine movement top plate 361 is meas- 
ured by a laser interferometer having at least six axes. 
[0010] In the above arrangement, the X slider 303 is 
driven by the linear motor shown in Fig. 18 to move 
through a long distance in both X and Y directions, and 
50 the fine movement top plate 361 is controlled at high 
accuracy by the 6-axis fine movement linear motor 
shown in Fig. 1 6. The 6-axis fine movement linear motor 
for controlling the fine movement top plate 361 utilizes 
the Lorentz force. Thus, even when the positions of the 
55 x and Y sliders 303 and 302 and of the fine movement 
top plate 361 change, the 6-axis fine movement linear 
motor is not influenced by this change at all, so that high- 
accuracy position control can be performed. 
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[0011] An exposure apparatus stage loaded with the 
6-axis fine movement stage 360 utilizing the Lorentz 
force on the X-Y stage in the above manner is advanta- 
geous in that it can perform high-accuracy position con- 
trol over a long stroke. However, as the 6-axis fine move- 
ment stage 360 is loaded, the mass of the portion ahead 
of the X slider 303, i.e., the total mass of the X slider 303 
and fine movement stage 360 increases. The exposure 
apparatus stage must be accelerated at a high acceler- 
ation in order to increase the productivity. When the total 
mass of the X slider 303 and fine movement stage 360 
increases, even when the acceleration stays the same, 
the force necessary for acceleration increases in pro- 
portion to the mass. 

[001 2] I n the arrangement of the stage apparatus de- 
scribed above, the force necessary for accelerating the 
X slider 303 and fine movement stage 360 in the Y di- 
rection is originally generated by the Y linear motors 340 
shown in Fig. 17. Part of the generated force is trans- 
mitted to the X slider 303 and fine movement stage 360 
through the air pads shown in Fig. 1 8. More specifically, 
the two Y linear motors each having the arrangement 
as shown in Fig. 1 7 generate a force of (m 1 + m 2 + m 3 ) 
x a where m 1 is the mass of the Y slider system, m 2 is 
the mass of the X slider system, m 3 is the mass of the 
fine movement top plate system, and a is the accelera- 
tion. Of the generated force, a force of (m 2 + m 3 ) x a is 
transmitted to the X slider 303 and fine movement stage 
360 through the air pads 380 shown in Fig. 18. 
[0013] What matters is the force transmission ability 
of the air pads 380. Force transmission with the air pads 
380 is suppressed to about 1 kgf/cm 2 when converted 
into a pressure. Hence, by adding the fine movement 
stage, if the force of (m 2 + m 3 ) x a increases, the air 
pads 380 can no longer transmit this force. Still, it is very 
difficult to form a rolling type stage with the air pads 380, 
due to the issues of the service life and dust. A rolling 
type guide is difficult to apply to a stage that must oper- 
ate continuously over a long period of time and must 
have a high cleanliness as in an exposure apparatus. 
Hence, to form a noncontact guide cannot be given way. 
[0014] In addition, recently, to expose a finer pattern, 
a stage that can be used in a vacuum atmosphere is 
required. To form air pads in a vacuum atmosphere, a 
means for collecting air must be provided in the periph- 
ery of the air pads. As this peripheral portion does not 
contribute to thrust transmission, the thrust transmission 
ability converted into the pressure tends to decrease 
more and more. 

[0015] In view of the above situation, it is demanded 
to provide a stage apparatus which has a noncontact 
guide that can quickly accelerate a movable body load- 
ed with a fine movement stage and having a large con- 
vey mass. 

SUMMARY OF THE INVENTION 

[0016] According to one aspect of the present inven- 



tion, there is provided a stage apparatus comprising: a 
first-direction guide which extends in a first direction and 
can move in a second direction perpendicular to the first 
direction; a first driving mechanism which moves the 
5 first-direction guide in the second direction; a movable 
body which can be guided by the first-direction guide to 
move in the first direction; and first electromagnetic 
force generating means which generates an electro- 
magnetic force in the second direction between the 
movable body and the first-direction guide to keep the 
movable body and the first-direction guide in noncontact 
with each other. 

[0017] Furthermore, according to another aspect of 
the present invention, there is provided a method of con- 
trolling a stage apparatus, comprising: a driving step of 
moving a first-direction guide, which extends in a first 
direction and can move in a second direction perpen- 
dicular to the first direction, in the second direction; a 
first control step of controlling at least a pair of electro- 
magnets, which generate electromagnetic forces in op- 
posite directions along the second direction between a 
movable body, which can be guided in the first direction 
guide to move in the first direction, and the first-direction 
guide, to keep the movable body and the first-direction 
guide in noncontact with each other; and a second con- 
trol step of controlling driving of the electromagnets, in 
response to movement of the first-direction guide in the 
second direction by the driving step, to apply an accel- 
erating force in the second direction to the movable 
body. 

[0018] Features and advantages of embodiments of 
the invention will be apparent from the following descrip- 
tion taken in conjunction with the accompanying draw- 
ings, in which like reference characters designate the 
same or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, il- 
lustrate embodiments of the invention. 

Fig. 1 is a view schematically showing a movement 
stage apparatus according to the first embodiment; 
Fig. 2 is a partly omitted view of the movement stage 
apparatus according to the first embodiment; 
Fig. 3 is a detailed view of a portion around electro- 
magnets in the movement stage apparatus accord- 
ing to the first embodiment; 
Fig. 4 is a view for explaining electromagnet control 
according to the first embodiment; 
Fig. 5 is a view schematically showing a movement 
stage apparatus according to the second embodi- 
ment; 

Fig. 6 is a partly omitted view of the movement stage 
apparatus according to the second embodiment; 
Figs. 7A and 7B are detailed views of the periphery 
of Y electromagnets in the movement stage appa- 
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ratus of the second embodiment; 
Figs. 8A to 8C are views for explaining a linear mo- 
tor in the movement stage apparatus of the second 
embodiment; 

Fig. 9 is a view schematically showing a movement 
stage apparatus of the third embodiment; 
Fig. 10 is a partly omitted view of the movement 
stage apparatus according to the third embodiment; 
Figs. 1 1 A and 11 B are detailed views of the periph- 
ery of Y electromagnets and Z electromagnets in 
the movement stage apparatus of the third embod- 
iment; 

Figs. 1 2A and 1 2B are detailed views of the periph- 
ery of the Y electromagnets and Z electromagnets 
in the movement stage apparatus of the third em- 
bodiment; 

Fig. 13 is a view for explaining the operation of the 
Z electromagnets in the movement stage apparatus 
of the third embodiment; 

Figs. 14A and 14B are views for explaining the op- 
eration of the Z electromagnets in the movement 
stage apparatus of the third embodiment; 
Fig. 15 is a view schematically showing a general 
movement stage apparatus; 
Fig. 1 6 is a view for explaining the arrangement of 
a 6-axis fine movement linear motor in the fine 
movement stage; 

Fig. 1 7 is a view for explaining the arrangement of 
a coarse linear motor which drives a Y slider; 
Figs. 1 8 is a view for explaining air pads employed 
in the general movable stage apparatus; and 
Figs. 19A to 19D are views for explaining electro- 
magnet control of the first embodiment, in which 
Figs. 19B to 19D are timing charts. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] Preferred embodiments of the present inven- 
tion will now be described in detail in accordance with 
the accompanying drawings. 

<First Embodiment 

[0021] Fig. 1 is a view schematically showing a stage 
apparatus according to the first embodiment. The basic 
arrangement of the stage is the same as that described 
above with reference to Fig. 15. More specifically, the 
stage apparatus has a stage surface plate 300, a Y slid- 
er 302, a Y linear motors 340, an X slider 303, an X linear 
motor 320, afine movement stage 360 including a 6-axis 
fine movement linear motor and a fine movement top 
plate 361 , and the like. The Y slider 302 is guided in the 
Y direction by the stage surface plate 300 and a yaw 
guide 301 through an air pad. An air pad is provided be- 
tween the X slider 303 and stage surface plate 300. In 
the following embodiments, the fine movement stage 
360 can be driven in 6-axis directions, but the present 



invention is not limited to this. Note that the fine move- 
ment stage 360 must be able to move finely at least in 
the moving direction of the X slider 303. 
[0022] The stage apparatus of the first embodiment is 
5 characterized in the arrangement of the guide that 
guides the X slider 303 in the X direction. In a general 
stage apparatus, as described in Fig. 15, the X slider 
303 is guided by the air pads provided between the side 
surfaces of the Y slider 302 and the X side plates 303b 
of the X slider 303 such that it moves along the side 
surfaces of the Y slider 302. 

[0023] In contrast to this, in the first embodiment, as 
shown in Figs. 2 and 3 as well, the X slider 303 is guided 
by four Y electromagnets 101 and two Y attracting plates 
102 formed between the side surfaces of the Y slider 

302 and side plates 303b of the X slider 303 such that 
it moves along the side surfaces of the Y slider 302. The 
two Y attracting plates 1 02 are respectively fixed to the 
two side surfaces of the Y slider 302, and the four Y 
electromagnets 101 are fixed in two to each of the two 
X side plates 303b. Each Y attracting plates 1 02 and the 
corresponding two Y electromagnets 101 oppose each 
other in a noncontact manner. The Y attracting plates 
1 02 and Y electromagnets 1 01 are preferably formed of 
multilayered magnetic bodies, as shown in Fig. 3, be- 
cause this can minimize the adverse effect of the eddy 
current caused by a change in magnetic flux of the elec- 
tromagnets. Each Y electromagnet 101 is formed by 
winding a coil on the teeth at the center of a core having 
an E-shaped section. 

[0024] As the electromagnet generates only an at- 
tracting force, to generate forces in positive and nega- 
tive directions of the Y axis, a pair of opposing electro- 
magnets are required. In Fig. 3, a total of four, i.e., two 
pairs of Y electromagnets 101 are provided such that 
they can generate forces and moments in the positive 
and negative directions of the Y axis and in the positive 
and negative rotational directions about the Z axis. 
[0025] The measurement system of the X slider 303 
will be described. In the stage apparatus described with 
reference to Fig. 15, the X slider 303 suffices as far as 
at least its position in the X-axis direction is measured. 
In contrast to this, in this embodiment, the X slider 303 
must be measured regarding its three positions, i.e., the 
position in the X-axis direction, the position in the Y-axis 
direction, and rotation about the Z axis. In the stage ap- 
paratus of Fig. 15, the position in the Y-axis direction 
and rotation about the Z axis need not be measured as 
they are mechanically regulated by the air pads. In the 
stage apparatus of this embodiment, however, the po- 
sition in the Y-axis direction and rotation about the Z axis 
are not mechanically retrained, but are controlled by the 
Y electromagnets 101. Therefore, the position in the Y- 
axis direction and rotation about the Z axis of the X slider 

303 must be measured. 

[0026] Control and operation of the Y electromagnets 
in the above arrangement will be described. Fig. 4 is a 
view schematically showing how the Y electromagnet is 
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controlled by a controller 150. 

[0027] The Y electromagnets 101 provided to the X 
slider 303 and the measurement system of the X slider 
303 have two roles. The first role is to keep the X slider 
303 and Y slider 302 in noncontact with each other. The 
second role is to transmit a large accelerating force in 
the Y-axis direction from the Y slider 302 to the X slider 
303. 

[0028] The first role described above is realized by 
measuring the position in the Y-axis direction and the 
rotation amount about the Z axis of the X slider 303 and 
the position in the Y-axis direction and the rotation 
amount about the Z axis of the Y slider 302, and sup- 
plying appropriate currents to the four Y electromagnets 
101 such that the Y slider 302 and X slider 303 do not 
come into contact with each other. More specifically, the 
controller 150 supplies appropriate currents to four Y 
electromagnets 1 01 a to 1 01 d on the basis of the meas- 
urement information from an X slider X-axis direction po- 
sition measurement unit 151, X slider about-Z-axis ro- 
tation measurement unit 152, Y slider Y-axis direction 
position measurement unit 153, and Y slider about-Z- 
axis rotation measurement unit (not shown), such that 
the Y slider 302 and X slider 303 do not come into con- 
tact with each other. The X slider 303 suffices as far as 
it is so controlled as to be in noncontact with the Y slider 
302, and need not follow the Y slider 302 at high accu- 
racy. In other words, the X slider 303 is not controlled to 
follow the Y slider 302. In this example, the position in 
the Y-axis and/or the rotation amount about Z-axis of the 
X-slider 303, and the position in the Y-axis and/or the 
rotation amount about Z-axis of the Y-slider 302 are 
measured. While performing such measuring, the con- 
troller 1 50 controls the X slider 303 and the Y slider 302 
independently by giving Y position commands and ro- 
tation amount in Z-axis commands to the X slider 303 
and Y slider 302 so that the contact of the X slider 303 
and Y slider 302 is avoided. Thus, a vibration which 
propagates to the X slider 303 through the Y slider 302 
is suppressed and position precision of X slider 303 is 
enhanced. This control can be achieved by a known 
technique with a rotary magnetic bearing or the like. 
[0029] The second role described above can be 
achieved by causing two of the four Y electromagnets 
to generate a force necessary for accelerating the X slid- 
er and fine movement stage in synchronism with accel- 
eration in the Y-axis direction. For example, in Fig. 2, for 
acceleration in the positive Y-axis direction, the two 
deep-side Y electromagnets (101a and 101b of Fig. 4) 
of Fig. 2 may generate a force necessary for accelerat- 
ing the X slider 303 and fine movement stage in syn- 
chronism with acceleration in the Y-axis direction. Then, 
the X slider 303 can receive an attracting force in the 
positive Y-axis direction from the Y slider 302. Con- 
versely, to accelerate the X slider 303 in the negative Y- 
axis direction, the two front-side Y electromagnets (101c 
and 1 01d of Fig. 4) of Fig. 2 may generate a force nec- 
essary for accelerating the X slider and fine movement 



stage in the Y-axis direction in synchronism with accel- 
eration in the Y-axis direction. Then, the X slider 303 can 
receive an attracting force in the negative Y-axis direc- 
tion from the Y slider 302. 
5 [0030] The acceleration schedule, i.e., the relation- 
ship between the time and acceleration, of the Y slider 

302 is known in advance. Therefore, the controller 150 
may cause the two of the four Y electromagnets to gen- 
erate the attracting force for acceleration in the feed- 

10 forward manner. Control operation for keeping the X 
slider 303 and Y slider 302 in noncontact with each other 
is performed during acceleration in the Y direction as 
well, and the respective Y electromagnets are so con- 
trolled as to generate the attracting force for accelera- 

15 tion and a control force for control operation. 

[0031 ] Figs. 1 9A to 1 9D show an example of the con- 
trol of the electromagnets. The driving timing of the Y 
slider 302 for moving the Y slider 302 in the direction of 
arrows shown in Fig. 19A is as shown in Fig. 19D. 

20 in Fig. 19D, the acceleration period of the Y slider 302 
is indicated by oblique lines. During this acceleration pe- 
riod, the electromagnetic force generated by the Y elec- 
tromagnets 1 01 a to 1 01 d is utilized to maintain the non- 
contact state of the X slider 303 and Y slider 302. Ac- 

25 cordingly, when starting the Y slider 302 in the direction 
of the arrows, currents to the Y electromagnets 101a 
and 101b are increased, as shown in Fig. 19B, and the 
resultant attracting force is utilized to cause the X slider 

303 to follow the motion of the Y slider 302. When the 
30 Y slider 302 reaches a constant speed, current applica- 
tion to the Y electromagnets 1 01 a to 1 01 d is set to be 
the same as in stopping the Y slider 302, and the non- 
contact state is maintained. When stopping the Y slider 
302, the currents to the Y electromagnets 1 01 c to 1 01 d 

35 are increased, as shown in Fig. 19C, and the resultant 
attracting force is utilized to cause the X slider 303 to 
follow the stopping operation of the Y slider 302. 
[0032] When the accelerating force in the Y direction 
is transmitted by the electromagnets in this manner, the 

40 transmission force can be remarkably increased when 
compared to a case wherein the transmission force is 
transmitted through air pads. As described above, the 
force per unit area that can be generated by the air pad 
is about 1 kgf/cm 2 . In contrast to this, the force per unit 

45 area that can be generated by the electromagnet is 
about 8 kgf/cm 2 , which is about eight times. This can be 
estimated by the following equation. 
[0033] When the opposing area of the electromagnet 
and the attracting plate is A [m 2 ] and a uniform magnetic 

50 flux density B [T] is generated in the opposing area, an 
attracting force F of the electromagnet is: 



where \x 0 is the magnetic permeability in the vacuum. 
[0034] Thus, the force per unit area is: 
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- = -L x B x B 
A 2\i Q 

[0035] When the gap between the electromagnet and 
the attracting plate is appropriately set and a silicon steel 
plate is used as the material of the electromagnet and 
attracting force, B can be about 1 .4T at maximum. Then, 

-= 1 —— x B x B = 7.8e 5 [N/m 2 ] = Qkgflcm 2 

A 2{4ne / ) 

[0036] As described above, when the guide means 
between the Y slider and X slider is formed of electro- 
magnets, the thrust that can be transmitted can be re- 
markably increased when compared to a case wherein 
the guide means is formed of an air pad. As a result, a 
large acceleration can be obtained even with an X-Y 
stage on which a 6-axis fine movement stage that tends 
to increase the transport mass is loaded, and accord- 
ingly both high accuracy and high productivity can be 
obtained. 

<Second Embodiment 

[0037] The second embodiment will be described with 
reference to Figs. 5 to 8C. The stage apparatus shown 
in Fig. 5 is a stage in a 2 x 2 matrix. In the second em- 
bodiment, electromagnets as those described in the first 
embodiment are provided to the X and Y guide portions 
of this stage. 

[0038] As shown in Fig. 5, an X slider 201 and Y slider 

202 are mounted on a stage surface plate 200. Air pads 
(not shown) are provided under the X slider 201 and Y 
slider 202, so that the X slider 201 and Y slider 202 can 
slide on the stage surface plate 200. 

[0039] The X slider 201 and Y slider 202 are arranged 
such that they are substantially perpendicular to each 
other with their Z-direction positions being shifted. An 
X-Y slider 203 is arranged at a position corresponding 
to the intersection of the X slider 201 and Y slider 202. 
An air pad (not shown) is provided under the X-Y slider 

203 as well, so that the X-Y slider 203 can slide on the 
stage surface plate 200. A fine movement stage 360 
similar to that of the first embodiment is formed on the 
X-Y slider 203, to enable very- high -accuracy position 
control. 

[0040] Iron-core linear motors (X linear motors 204 
and Y linear motors 205) having the structure shown in 
Fig. 6 are formed on the two sides of each of the X slider 
201 and Y slider 202. Thus, large accelerating forces 
can be applied to the X slider 201 and Y slider 202. 
[0041] The details of the Y slider 202 are as follows. 
The Y slider 202 is formed of a Y bar 211 , Y attracting 
plates 212 formed on the two side surfaces of the Y bar 
21 1 , Y legs 213 formed at the two ends of the Y bar 21 1 , 
and Y linear motor movable elements 215 formed at the 



two ends of the Y bar 211 through Y linear motor mov- 
able element attaching plates. A holding force acts on 
each Y linear motor movable element 21 5 to fall at sub- 
stantially the center of a Y linear motor stator 240 (Figs. 
5 8A to 8C) because of the attracting force of the Y linear 
motor stator 240. Thus, the position of the Y slider 202 
in the X direction does not shift largely. The air pads (not 
shown) described above are provided between the Y 
legs 213 and stage surface plate 200. 
[0042] The X slider 201 and Y slider 202 have the 
same arrangement except for a difference in height. The 
X slider 201 is arranged as follows: its X bar 221 is sub- 
stantially perpendicular to the Y bar 211 , and hence the 
entire X slider 201 is substantially perpendicular to the 

Y slider 202, as described above. The X-Y slider 203 is 
formed at the intersection of the X slider 201 and Y slider 
202. 

[0043] As shown in Fig. 6, the X-Y slider 203 is formed 
of an X-Y upper plate 231 , two Y driving plates 232 pro- 
vided to face the two side surfaces of the Y bar 21 1 , an 
X-Y middle plate 233, two X driving plates 234 provided 
to face the two side surfaces of the X bar 221 , an X-Y 
lower plate 235, a total of four Y electromagnets, not 
shown in Figs. 5 and 6, provided in two to each of the 
two Y driving plates 232, and a total of four electromag- 
nets, not shown in Figs. 5 and 6, provided in two to each 
of the two X driving plates 234. An air pad (not shown) 
is provided under the X-Y lower plate 235, so that the 
entire X-Y slider 203 can slide on the stage surface plate 
200 in the X-Y direction. 

[0044] Figs. 7A and 7B show the arrangement of the 
periphery of the Y bar 211 . The Y attracting plates 212 
are fixed to the two side surfaces of the Y bar 211 . The 
two Y electromagnets 251 are fixed to each of the two 

Y driving plates 232 serving as part of the X-Y slider 203. 
Two Y electromagnets 251 face each Y attracting plate 
21 2 in a noncontact manner. Each Y electromagnet 251 
is formed of a coil 253 and E iron core 254. 
[0045] When the position in the Y-axis direction and 
rotation about the Z axis of the X-Y slider 203 and the 
position in the Y-axis direction and rotation about the Z 
axis of the Y slider are measured and appropriate cur- 
rents are supplied to the four Y electromagnets 251 in 
accordance with the measured amounts, the Y bar 211 
and X-Y slider 203 can be kept in noncontact with each 
other. When the Y bar 21 1 is accelerated in the positive 
Y-axis direction at an acceleration a, if currents are sup- 
plied in synchronism such that the two deep-side Y elec- 
tromagnets 251 generate a force corresponding to a x 
(mass of X-Y slider + mass of fine movement stage), 
then the "X-Y slider + fine movement stage" can be ac- 
celerated in the positive Y-axis direction at the acceler- 
ation a through the Y attracting plates 212. Thus, the Y 
bar 21 1 and the "X-Y slider + fine movement stage" can 
operate almost in synchronism with each other. The 
force for accelerating the Y bar 211 is generated by the 
two sets of iron-core Y linear motors 205 (to be de- 
scribed later) with reference to Figs. 8A to 8C. 
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[0046] Similarly, when the Y bar is accelerated in the 
negative Y-axis direction at an acceleration a, if currents 
are supplied in synchronism such that the two front-side 

Y electromagnets 251 generate a force corresponding 
to a x (mass of X-Y slider + mass of fine movement 
stage), then the "X-Y slider + fine movement stage" can 
be accelerated in the negative Y-axis direction at the ac- 
celeration a through the Y attracting plates 212. Thus, 
the Ybar211 and the "X-Yslider + fine movement stage" 
can operate almost in synchronism with each other. The 
control for keeping the X-Y slider and Y bar 211 in non- 
contact with each other is performed during acceleration 
as well in a parallel manner. 

[0047] The periphery of the X bar is the same as that 
of the Y bar. More specifically, the periphery of the X bar 
and that of the Y bar have the same arrangement. Only 
by changing the letters Y in the description concerning 
the periphery of the Y bar to letters X, the X bar can 
realize the same function as that described concerning 
the periphery of the Y bar 21 1 . 

[0048] The Y linear motors and X linear motors for 
driving the Y slider and X slider will be described. The 

Y linear motors 205 will be described as an example. 
Each Y linear motor 205 has an arrangement as shown 
in Figs. 8A to 8C. The movable element 215 of the Y 
linear motor 205 is formed of a middle plate 241 , and 1 4 
permanent magnets 242 formed on the middle plate 241 
and 14 permanent magnets 242 formed under the mid- 
dle plate 241 . The permanent magnets 242 are magnet- 
ized in the Z direction and are arrayed such that their N 
and S poles are reversed between the adjacent electro- 
magnets 242. The middle plate 241 is made of a mag- 
netic body to transmit the magnetic fluxes of the perma- 
nent magnets 242 through it. The movable element 215 
is fixed to the Y bar 211 through an attaching plate 214 
(see Fig. 6). 

[0049] The stator 240 is formed by arranging two 
units, obtained by inserting a plurality of coils 244 in 
comb-toothed iron cores 243, to clamp the movable el- 
ement 21 5 from above and below in a noncontact man- 
ner, and fixing the two units with four reinforcing plates, 
i.e., upper, lower, front, and rear reinforcing plates 245, 
246, 247, and 248. Legs 249 are provided under the low- 
er reinforcing plate 246, and serve to fix the entire stator 
240 to the stage surface plate 200. 
[0050] Figs. 8A to 8C show an 1 1 -slot, 1 2-pole motor 
designed such that the total length of the 11 slots and 
the total length of the 12 poles of the magnets coincide 
with each other. The adjacent coils are connected in se- 
ries or parallel to each other to form one phase. Regard- 
ing an electrical angle with reference to the period of the 
magnet, three different coil phases are provided, thus 
forming a so-called three-phase motor. Note that the in- 
phases include phases that are shifted by 180°. 
[0051] The driving method is so-called three-phase 
sine wave driving with which three-phase coils contrib- 
uting to the thrust are selected in accordance with the 
positions of the permanent magnets 242 and sine wave 



currents are supplied to them such that the current vec- 
tor and magnetic flux vector are perpendicular to each 
other. The iron-core linear motor is characteristic in that 
it can generate a larger thrust than that generated by 
5 the coreless-type linear motor described in the first em- 
bodiment, with the same heat generation. Furthermore, 
in the arrangement of Figs. 8A to 8C, each movable el- 
ement 215 is formed of only a magnet, while the stator 
240 is formed of the coils and iron cores. Thus, when 
10 the total length of the comb teeth of the comb-toothed 
iron cores is increased to increase the amounts of coils 
and iron cores, a larger thrust can be generated. Even 
in this case, the mass of the movable element stays the 
same. Therefore, the thrust can be increased without 
15 increasing the transport mass. 

[0052] In the above arrangement, when the X linear 
motors 204 and Y linear motors 205 are driven to accel- 
erate the X slider 201 and Y slider 202, very large ac- 
celerating forces can be transmitted from the X bar 221 
20 and Y bar 21 1 to the X-Y slider 203 because of the X 
electromagnets and the Y electromagnets 251. The X 
electromagnets and the Y electromagnets 251 are con- 
trolled, even during transmission of the accelerating 
forces, to keep the X-Y slider 203 and X slider 201 in 
25 noncontact with each other and the X-Y slider 203 and 
Y slider 202 in noncontact with each other. In other 
words, a large accelerating force can be transmitted to 
the large-mass X-Y slider 203 loaded with the 6-axis fine 
movement stage 360 while maintaining the noncontact 
30 state. High-accuracy position control is achieved by the 
6-axis fine movement stage 360. Thus, both a fine pat- 
tern and high productivity can be obtained. 
[0053] Finally, advantages obtained by the combina- 
tion of the moving-magnet iron-core linear motors and 
35 the stage in a 2 x 2 matrix will be described. This stage 
is characteristic in that it need not transport the driving 
mechanism of any other driving shaft both in X driving 
and Y driving. Hence, the movable portion of the driving 
mechanism of a certain axis can be designed light- 
40 weight, while its stationary portion can be designed 
heavy. This is because as a result of such design, even 
when the stationary portion of a certain axis becomes 
heavy, the heavy stationary portion need not be trans- 
ported by the driving system of the other axis. Converse- 
45 |y, in the first embodiment described above, as the X 
linear motor is loaded on the Y slider, when the stator of 
the X linear motor is made heavy, the accelerating force 
necessary in the Y driving system increases, which is 
not preferable. In the iron-core linear motor shown in 
50 Figs. 8A to 8C, its movable portion is made lightweight 
while its stationary portion is made heavy to obtain a 
large thrust. In the linear motor with the arrangement 
shown in Figs. 8A to 8C, as described above, when the 
height of the comb teeth of the comb-toothed iron core 
55 is increased and the amount of coil to be wound on the 
comb teeth is increased, the thrust can be increased 
while maintaining constant the mass of the movable el- 
ement. Although the mass of the stator increases ac- 
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cordingly, as the stator is not transported by the driving 
system of another axis, the increase in mass of the sta- 
tor does not pose an issue. 

[0054] Namely, when the stage in a 2 x 2 matrix and 
the moving-magnet iron-core linear motors are com- 
bined, a large thrust can be applied to the Y and X slid- 
ers, and hence the X-Y slider. 

<Third Embodiment 

[0055] The third embodiment will be described. Figs. 
9 and 1 0 show a stage apparatus according to the third 
embodiment. 

[0056] The arrangement, function, and effect of the 
stage apparatus of the third embodiment are almost the 
same as those of the second embodiment. Namely, the 
basic arrangement of the stage is of a 2 x 2 matrix type, 
and is formed of an X slider 201 , Y slider 202, X-Y slider 
203, and fine movement stage 360. To drive the X slider 
201 and Y slider 202, moving-magnet iron-core linear 
motors (204, 205) are used. Electromagnets and attract- 
ing plates are formed between the X-Y slider 203 and X 
slider 201 , and between the X-Y slider 203 and Y slider 
202. When currents to the electromagnets are appropri- 
ately controlled, the X-Y slider 203 receives a large ac- 
celerating force from the X slider 201 and Y slider 202. 
Also, the X-Y slider 203 and X slider 201 are kept in 
noncontact with each other, and the X-Y slider 203 and 
Y slider 202 are kept in noncontact with each other. The 
combination of the stage in a 2 x 2 matrix and iron-core 
moving-magnet linear motors can generate a large ac- 
celerating force. These features are the same as those 
described in the second embodiment. 
[0057] In the third embodiment, in addition to the 
above respects, Z attracting plates 261 and Z electro- 
magnets 262 (Figs. 11 A and 11 B) are provided around 
the X slider 201 and Y slider 202. The inclination of the 
X-Y slider 203 caused by a moment occurring when it 
is accelerated can be suppressed. 
[0058] Although a Z electromagnet system as a new 
element is added, the periphery of the X slider and that 
of the Y slider have the same arrangement as that in the 
second embodiment. The periphery of the Y slider will 
be described hereinafter. 

[0059] Figs. 11 A and 11 B, and Figs. 12A and 12B 
show the arrangement of the periphery of a Y bar 202. 
Except for the Z electromagnet system, this arrange- 
ment is the same as that of the periphery of the Y bar of 
the second embodiment shown in Figs. 7A and 7B, and 
the operation and effect of this arrangement except for 
the Z electromagnetic system is the same as those of 
the second embodiment. In the third embodiment, in ad- 
dition to the arrangement of the second embodiment, 
the Z attracting plates 261 are provided on and below 
the Y bar 202. Two Z electromagnets 262 are provided 
to face each Z attracting plate 261 in a noncontact man- 
ner. The two upper Z electromagnets 262 are fixed to 
an X-Y upper plate 231, and the two lower Z electro- 



magnets 262 are fixed to an X-Y middle plate 233. 
[0060] An X bar 201 is provided with Z attracting 
plates and Z electromagnets in the same manner. Re- 
garding the periphery of the X bar 201 , the two upper Z 
5 electromagnets are fixed to the X-Y middle plate 233, 
and the two lower Z electromagnets are fixed to an X-Y 
lower plate 235. 

[0061] The operation of the Z electromagnet system 
provided to the Y bar 202 will be described. The X bar 
201 has the same operation as this. 
[0062] Fig. 13 shows the sections of the X slider, Y 
slider, X-Y slider, and fine movement stage, and Figs. 
1 4A and 1 4B explain the operation of the Z electromag- 
net system on these sections. 

[0063] Fig. 14A shows a force that acts on an X-Y slid- 
er system when a thrust is supplied to the X linear motor 
to accelerate the X-Y slider and fine movement stage in 
the negative X direction through an X slider system. Fig. 
14B shows a force that acts on the Y slider system at 
this time. 

[0064] To apply an accelerating force in the negative 
X direction to the X-Y slider, the X electromagnets ar- 
ranged on the positive X side may generate an attracting 
force equivalent to the accelerating force, as described 
above. The line of action of the attracting force is shifted 
from the barycenter of the "X-Y slider + fine movement 
stage" as a whole. Thus, during acceleration, the inertia! 
force that acts on the "X-Y slider + fine movement stage" 
as a whole and the line of action of the attracting force 
do not coincide, and a moment is generated for the X-Y 
slider. Hence, appropriate currents are supplied to, of 
the four Z electromagnets, two located at the diagonal 
positions, so that the moment caused by the attracting 
force and inertial force is canceled. Therefore, as a 
whole, no moment is generated in the X-Y slider, and 
the posture of the X-Y slider does not incline. 
[0065] In a case where the moment is not canceled 
by means of the Z electromagnet system, the moment 
acting on the X-Y slider would be matched with the air 
pad provided under the X-Y lower plate. The air pad, 
however, cannot have a large span, and the air pad por- 
tion must generate a load substantially equivalent to the 
accelerating force. The air pad generates a load per unit 
area of about 1 kgf/cm 2 , as described above, and con- 
sequently a load substantially equivalent to the acceler- 
ating force cannot be generated. Therefore, the lower 
portion of the X-Y slider may cause contact. In order to 
avoid this, acceleration must be limited. Hence, to obtain 
larger acceleration, the moment must be canceled by 
the Z electromagnets. Fig. 14A shows this state. 
[0066] Fig. 14B is a view explaining where the mo- 
ment received by the Z electromagnets is transmitted. 
As the attracting force of the Z electromagnets is trans- 
mitted to the two Z attracting plates of the Y slider, the 
moment is transmitted to the Y slider. The Y slider 
matches the moment transmitted from the Z electro- 
magnets with the load generated by the air pads provid- 
ed under Y legs. As shown in Fig. 14B, the span under 
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the Y legs can be about several times the span of the 
two Z electromagnets, and accordingly the load that the 
air pads under the Y legs should generate can be asmall 
fraction of the accelerating force. In other words, even 
an air pad that generates a small load can match the 
moment generated during acceleration. This refers to 
the situation of acceleration in the X direction. The same 
applies to acceleration in the Y direction. Note that the 
shift between the line of action of the attracting force of 
the Z electromagnets and the barycenter of the "X-Y 
slider + fine movement stage" as a whole is considerably 
smaller than the shift between the line of action of the 
attracting force of the X electromagnets and the baryc- 
enter of the "X-Y slider + fine movement stage" as a 
whole. Hence, the load that the air pads should generate 
can be small. 

[0067] As described above, in the third embodiment, 
in addition to the effect of the second embodiment, an 
effect can be obtained that the inclination in the pitching 
direction of the X-Y slider can be substantially de- 
creased to zero. 

[0068] As has been described above, according to the 
present embodiments, there is provided a noncontact 
guide that can accelerate a large-transport-mass mov- 
able body on which a fine movement stage is loaded. 
[0069] As many apparently widely different embodi- 
ments of the present invention can be made without de- 
parting from the scope thereof, it is to be understood 
that the invention is not limited to the specific embodi- 
ments thereof. 



Claims 

1. A stage apparatus comprising: 

a first-direction guide (302; 202) which extends 
in a first direction and can move in a second 
direction perpendicular to the first direction; 
a first driving mechanism (340; 205) which 
moves said first-direction guide in the second 
direction; 

a movable body (303; 203) which can be guided 
by said first-direction guide to move in the first 
direction; and 

first electromagnetic force generating means 
(101, 102; 212, 251) which generates an elec- 
tromagnetic force in the second direction be- 
tween said movable body and said first-direc- 
tion guide to keep said movable body and said 
first-direction guide in noncontact with each 
other. 

2. The apparatus according to claim 1, wherein said 
first electromagnetic force generating means in- 
cludes an electromagnet (101; 251) provided to 
said movable body to oppose a guide surface of 
said first-direction guide, and an attracting plate 



(102; 212) provided along the guide surface. 

3. The apparatus according to claim 1, further com- 
prising a fine movement stage which is loaded on 

5 said movable body and can control displacement at 

least in the second direction. 

4. The apparatus according to claim 3, wherein said 
fine movement stage is controlled by the Lorentz 

10 force in 6-axis directions including the first direction, 
the second direction, a third direction perpendicular 
to the first and second directions, and rotations 
about axes of the first to third directions. 

15 5. The apparatus according to claim 1, further com- 
prising a second driving mechanism which moves 
said movable body in the first direction with a linear 
motor (320) provided on said first-direction guide. 

20 6. The apparatus according to claim 1, further com- 
prising 

a second-direction guide (201 ) which extends 
in the second direction and can move in the first di- 
rection, and 

25 a second driving mechanism which moves 

said second-direction guide in the first direction, 

wherein said movable body (203) is provided 
at an intersection of said first- and second-direction 
guides and can be guided in the first and second 

30 directions to move in the first and second directions, 
and 

said first electromagnetic force generating 
means further generates an electromagnetic force 
in the first direction between said movable body and 
35 said second-direction guide to keep said movable 
body and said second-direction guide in noncontact 
with each other. 

7. The apparatus according to claim 6, further com- 
40 prising second electromagnetic force generating 

means for generating an electromagnetic force in a 
third direction perpendicular to aplane including the 
first and second directions, either between said 
first-direction guide and said movable body or be- 
45 tween said second-direction guide and said mova- 
ble body. 

8. The apparatus according to claim 6, wherein said 
first and second driving mechanisms comprise iron- 

50 core moving-magnet linear motors. 

9. The apparatus according to claim 1, further com- 
prising: 

55 a first-direction guide position measuring unit 

(153) which measures position of said first-di- 
rection guide in the second direction; and 
a movable body position measuring unit (151, 
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152) which measures position of said movable 
body in the second direction. 

10. The apparatus according to claim 9, wherein said 
first-direction guide position measuring unit meas- 
ures rotational component of said first-direction 
guide, and said movable body position measuring 
unit measures rotational component of said mova- 
ble body. 

1 1 . A method of controlling a stage apparatus, compris- 
ing: 

a driving step of moving a first-direction guide, 
which extends in a first direction and can move 
in a second direction perpendicular to the first 
direction, in the second direction; 
a first control step of controlling at least a pair 
of electromagnets, which generate electromag- 
netic forces in opposite directions along the 
second direction between a movable body, 
which can be guided in the first direction guide 
to move in the first direction, and the first-direc- 
tion guide, to keep the movable body and the 
first-direction guide in noncontact with each 
other; and 

a second control step of controlling driving of 
the electromagnets, in response to movement 
of the first-direction guide in the second direc- 
tion by the driving step, to apply an accelerating 
force in the second direction to the movable 
body. 

12. Stage apparatus having non-contact bearings be- 
tween parts of the apparatus which move relative 
to each other in use, 

characterised in that at least some of said 
non-contact bearings between parts, both of which 
are movable in the direction in which the parts are 
separated by the bearing, are magnetic force bear- 
ings. 

13. Stage apparatus according to claim 12 comprising 
means for detecting movement of a part, which 
movement varies the separation between that part 
and another part at a said magnetic force bearing, 
and for varying the force applied by the magnetic 
force bearing in response to the detection result. 



15. Stage apparatus according to any one of claims 12 
to 14 in which the magneticforce bearings comprise 
electromagnets. 
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14. Stage apparatus according to claim 12 or claim 13 50 
comprising means for responding to detected or 
planned acceleration of a part by varying the force 
of a magnetic force bearing between the part and 
another part, the parts being separated in the direc- 
tion of said acceleration at the said bearing, so as 55 
to compensate for the effect of the said acceleration 
on the separation between the parts at the bearing. 
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